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ABSTRACT: Zine phosphide (ZngPy) is a roden-
ticide used to control a variety of small mam-
mal species. It is nvailable over-the-counter or
as a vestricted-use pesticide depending on how
it is to be applied. The toxicity of ZngPy is de-
pendent on the species exposed, whether the
animal is able to vomit or not, and whether it
is ingested on a full or empty stomach. Nen-
target species can be e)ﬁ)osed through inadver-
tent or intentional product misapplication. In
this article we describe four mortality events in
which wild turkeys {Meleagris gallopavn) were
believed tn have geen intoxicated following the
ingestion of baits containing ZnaPa.

Key words: Intoxication, Meleagris gallo-
pava, poisoning, wild turkeys, zine phesphide.

Zinc phosphide (Zn3Ps) is a dark-grey,
erystalline compound used as a rodenti-
cide to control rats, wice, voles, ground
squirrels, prairie dogs, nutiia, muskrats, fe-
ral rabbits, and gophers (Casteel and Bai-
ley, 1986; Clarkson, 2001; Meister, 2001).
It is used on crop and noncrop areas in-
cluding nut and fruit orchards, Christmuas
tree farms, lawns, golf courses, nurseries,
highway mecdians, and wetlands (US EPA,
2004). Approved buait fornulations are pri-
marily gruin-based, but a tracking powder,
W concentrate used to formulate grain-
based baits, and mmeat- and fruit-based
buits are available. Concentrutions of
ZnyPy range from 1.82-2.00% [or most
prepared baits to 10% for the tracking
powder. The concentrate is 63.2% ZnyPy.
Baits containing Zn3Py are available over-
the-counter (OTC} or us a restrcted-use
pesticide (RUP) depending on whether
the- formulation is designed to be placed
underground in burrows (OTC) or to be

‘used above ground (RUP),

ZngPg is toxic to wild birds, nontarget
mammalian species, and freshwater fsh
(Casteel and Buailey, 1986; Extoxnet, 1996.
Knight, 2001). However, toxicity varies
amnong species (Albretsen, 2004). Lethal,
oral doses of ZnszPy for most domestic
mammalian species are reported to be be-
tween 20 mg/kg and 40 mg/kg body weight
{Casteel and Bailey, 1986; Albretsen,
2004). The rodent, oral, median lethal
dose (LDsgg) of technical-grade ZnsPy is
reported to be 45.7 mgkg (Clarkson,
2001). The minimuwm lethal, oral dose for
chickens given technical-grade ZnaPy com-
bined with starch in gelatin capsules is 10
mg/kg body weight (Robertsan et al.,
1945), whereas the oral LDsgy (or partviclg-
es and pheasants (species not reported)
given ZnsP; applied to wheat is 26.7 mg/
kg body weight (Junda and Bosseova,
1970). White-fronted geese (Anser albi-
Jrons) are the most sensitive uvian species
thus far tested with an aral LDgy of 7.5
mg/kg technical-grade ZngPy when applied
to hulled cats (Glahn und Lamper, 1983).

ZnaPa has o disagreenble odor resem-
bling acetylene or rotten fish (Custeel and
Bailey, 1986). It is hydrolyzed in the acidic
environment of the stomach, liberating
phosphine gas and free radicals. ZngP; is
more toxic when ingested with food be-
cause it lowers the stomach pH (Stowe et
al., 1978).

There are several case reports of wildlife
and domestic animal intoxication fullowing
ingestion of ZnyPy (Molir, 1954; Stowe et
al., 1978; Glahn and Luwper, 1983; Drolet
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et al., 1998). However, there have been no
published reports of intoxication in wild
tukeys {Meleagris gallopavo). We report
here a series of cases submitted to the
Pennsylvania Animal Diagnostic Labora-
tory System (Kennett Square, Pennsylva-
nin, USA) in which the deaths of wild tur-
keys were attributable to ingestion of
ZngPy used for rodent control in orchards
and tree nursuries.

The Grst mortality event occurred in
February 1998. Nine turkeys were found
dead along un old railroad bed near two
orchards in southeastern Penasylvania
(Montgomery County, 40°07'N, 75°20'W)
by a wildlife conservation officer {(WCQ)
with the Pennsylvanin Game Comimission
(PGQC). Several of the curcasses showed
evidence of predation or scavenging. The
carcasses were submitted for necropsy.
Gross-postinortemn  examination revealed
four birds with cangested lungs, two with
hepatic and peritoneal hemorrhages, und
two with petechial epicardial hemorrhag-
es. A variety of seeds was found in the piz-
Zards. The most numerous were uniden-
tfied species of smartwesd (Polygonim
sp.) and wild grape (Vitis sp.) that were
determined to be insignificant as a cause
of death. Microscopic examination of Jung
specimens showed severe congestion, in-
terstitial ecdema, and mikl, interstitial in-
Hemmation that was predominantly het-
erophilic.  Aerobic bucterial cnftires of
lung, liver, wad pericardial foid spechnens
were negative. A metal sereen ol kidney
samiples Tor awsenie, cadmiun, caleinm,
copper, iron, lead, magnesinm, manga-
nese, “molybdennm, total phosphorus, se-
lenium, zine, and thalliem perlarmed by
uulu(_twdy coupled  plasma muss spec-

trometry was negutive. A pooled sample of

crop contents was negitive for cyanide or
other compounds detectable with routine
bc1&enmg by gd& cC ]lOIndtng! 11pl]y mass
spectroscopy (GC-MS) such as organo-
phosphate  insecticides. However, phos-
phine_was detected by GC-MS, but not
in the pooled sample, The
owner of one of the orchards admitted to
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using a zine-phogphide  bait for rodent
control. Although allowed by the label, the
buit was placed directly on the ground,
which was accessible by the turkeys,

The second mortality event occurred in
December 1899. Eleven, frozen, wild tur-
key carcasses were found by « WCO with
the PGC adjacent to a woodlot and peach
orchard in northwestern Pennsylvania
(Erle County, 42°07'N, 80°05'W), The
dend turkeys were purt of a flock of ap-
proximately 33 birds being fed by a home-
owner adjacent to the orchard. Seven car-
casses were submitted for necropsy, Three
of the seven carcasses were severely dam-
aged by |wedators or scavengers and were
nat suitable for necropsy. The ather fowr
carcasses were in reasonably good condi-
tion, and all four birds had crops filed
with grain and grass. Durk, hemorrhagic
lungs were noted in all birds; there were
no other consistent lestons noted. Post-
mortem autolysis und freeze-thaw artifacts
precluded an accurate histologic evalua-
tion, A virlety of tissues, including brain
and erop contents, were collected For tox-
icologic testing. Historically, several pesti-
cides had been used on the fum where
the birds were found, including diphaci-
nome, methonwd, dinzinon, guthion, dineth-
oute, carbioyl, wurbolumn, permeihrin,
methyl parathion, clidovothadonil, metyibue-
zin, and ZngPa. Liver tissue was negative for
anticoagulunt rodenticides (brodifacoum,
hremodiolone, chlorophacinone, connmlin-
yl. dilenacowm, difethiolone, diphacinone,
pindene, valone, or warfurin), General or-
gnic chemiend sereens by GO-MS and -
nid ehromatography-nrass  speetroscopy
were negative lor organophosplinte or cie-
bannte insecticides, Because ol a history of
the wse ol ZigPe and comsistent, grass le-

“sions of pulmonwy edemu, crop contents

were tested for phosphine by GC-MS aned

found to be positive. The phosphine was not
. ————

quantified.

The third mortality event oceunrrod in
January 2001 and involved the deaths ot
six wild turkeys in south centrl Peonsyl-
vania (Adams Connty, 39%40'N, 77°13'W),
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One turkey wus radio-tagged as part of a
population study being conducted by the
PGC. Investigation of its lack of move-
ment led to the discovery of the six turkeys
at a roost site approximately 50 m from a
fruit orchard. One carcass and four crops
were submitted to the laboratory for ex-
amination. All five crops contained fruit
pulp and skin that appeared to be derived
from apples. In addition, all crops con-
tained blue-green material with a doughy
consistency aiong with unidentified seeds,
grasses, ane leaves, There was a suspicion
that the birds might have been exposed to
ZnaP; because the rodenticice was used in
the proximity of the birds. Crop contents

- were tested for zinc. Zinc concentrations

in the five crops, determined by atomic ab-
sorption spectroscopy, were 40 parts per
miflion (ppm), 438 ppm, 975 ppm, 1,513
ppm, and 1,850 ppm (wet weight). The an-
ticoagulant rodenticide, chlorophacinone,
was ulso detected by high-performance
liquid chromatography but not quantified.
Zine concentrations in two control-turkey
crops were determined to be 16 and 7
ppm. A diagnosis of ZnaPy intoxication was
made bused on a histury of the use of
ZngPy iu the area, upparent sudden deaths
of several birds, high concentrations of
zine in four of five crop contents, and no
evidence of a coagulopathy, consistent
with chlurephacinone intoxication, an
pastnortem examination,

Mortulity event number four aceurred in
Febmary 2002 and involved tens birds. All
were found dead on the ground within 42
m2 in western Pennsylvanin  {Allegheny
Lounty, 40°25N, 79°4TW) hy a local home-
awner whe notified « WCO with the PCC.
Two carcusses were heavily scavenged;
eight were submitted for necropsy. Al-
though there was evidence of some scav-
enging and autolysis, the carcasses were in
relatively good postmertem condition.
Grossly, all birds were noted to have dark
red to black lungs: severul lungs were sat-
urated with serosanguineous fluid. Fecul
examination for intestinal parasites was
negative as were aerobic cultures of liver

and pericardial samples for bacterial path-
ogens. Analysis of crop contents was posi-
tive for phosphine using a colorimetric pro-
cedure. A %na,Pg-laced, cracked-comn bait
had been used according to label directions
for mouse control by a nearby nursery. The
bait had been broudcast between rows of
fruit trees. The same procedure had been
used for a number of previous years with-
cut apparent problem, However, it was be-
lieved that the lack of snow cover made the
bait more readily sccessible by the birds.

ZasPg has been used as a rodenticice
for many years and was particularly pop-
ular during World War IT, when the supply
of red squill (Urginea maritima), contain-
ing the actve ingredient scilliroside, was
limited (Casteel and Bailey, 1986). For
many rodenticide applications, the antico-
agulants have replaced ZnsPy. However,
ZngPy is still readily available and has a
range of both crop and noncrop uses for a
variety of small-mammal pests (Casteel
and Basley, 1986; Clarkson, 2001; Meister,
2001}. Zine phosphide is directly irritating
to the gastric and intestinal mucesa and
causes rapid emesis (Casteel and Bailey,
1986). The ability of many nontarget mam-
malian and avian species to vomit, com-
pared with the inability of many target
manumalian species to vomit, coufers some
degree ol selectivity of ZngP; as u roden-
ticice. However, it is a highly toxic com-
pound to most species (Casteel und Bailey,
1986; Extoxnet, 19496; Knight, 2001). The
inherent toxicity of ZnzPa combined with
baits that contain relatively high concen-
trutions makes iy use potentially huzard-
ous tor nonturget specics. For this reason,
above-ground application is restricted to
licensed indivicduals.

Populations of wild turkeys have in-
creased dramatically in recent years in muny
areas of the country where they had been
largely extirpated (Dickson, 1992). Given
the increasing numbers of wild turkeys, it is
likely that there will be a higher prevalence
of intoxicution from commonly used insec-
ticicles and rodenticides. All four mortality
events occurred during winter when other



food items may have been scarce and baits
containing ZngPg more attractive, It is be-
lieved that birds will generally avoid baits
containing ZnaPs if other food is available
{Clahn and Lamper, 1983). Assuming that
wild turkeys are as sensitive to ZngPy us
pheasants (LDsy of ~26 mg/kg body weight;
Jonda and Bosseova, 1870), u typical, adult,
female, wild turkey weighing 3 kg would
only have to ingest approximately 6 ¢ of a
2% bait to reach a potentinlly fatal dose.

As is the case with the inost wildlife-
mortality events, animals are most often
found dead with no prior observation of
clinieal signs. In addition, the quality of
samples available for postmortem exami-
nation is generally poor, which precludes
good  histopathologic, microbiolagic, and
virologic evaluntions. In many cases, unly
gross-postinortem examinations and toxi-
cologic analyses can be performed. Le-
sions associated with Zn,Ps intoxication
are nonspecific and primarily involve gen-
eralized orgun congestion. In the cases de-
scribed here, natuble pulmonary conges-
tion was the only clue to possible intoxi-
cution by this rodenticide. In some cases,
pereeptive diagnosticians may note a dis-
tinctive odor to the gustrointestinal con-
tents, which has been described as smell-
ing like acetylene, garlic, or rotten fish
{Custeel wid Bailey, 1986).

There ave several alytical upproaches
to detecting ZmgPs including colorimetrie,
gas chromatography, and GC-MS methods
(Guales et al, 1994, Drolet ot ul., 1996,

Sterner, 1996). All nvebve the detection of

phosphine gas and nat intact ZugPg. CGrop
or stomach content siaples are preferred
to confirm exposure because other samples
are unlikely to contain detectable concen-
trations {Robertson et al., 1945, Muatschke
el al., 1992; Guale et al., 1994). Phosphine
gas dissipates rapidly in air, and ileally,
snmples of gastrointestinal contents should
be pucked in air-tight containers and stored
and shipped frozen to prevent phosphine
loss (Gurale et al., 1994). Alternatively, u fro-
zen, whole careass can be submitted. Phos-
phiue recovery from gnstrointestinu] fructs
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declines as the postmortem interval in-
creases {Robertson et al,, 1945), However,
in the described cases, no particular pre-
cautions were taken to preserve gastroin-
testinal contents samples, so less-than-icleul
sample handling should not preclude an at-
tempt to detect phosphine. Although phos-
phine was not quantified in the three cases
in which it was detected, its presence, along
with other case informaton, was deemed
sufficient to support a diagnosis of ZngPq
intoxication. The diagnosis in event number
three is the most tenuous because testing
for phosphine in gastrointestinal contents
was not performed. An indirect inclication
of ingestion of ZnyPy involves the measure-
ment of elevated concentrations of zine in
gastraintestinal contents and tissues (Cas-
teel and Bailey, 1986). Detection of zine at
1,513 ppm and 1,850 ppm (wet weight) in
two of five submitted crop contents, along
with the known use of ZngPy within 50 n
of the dead birds, is highly suggestive of
intoxication. Zinc concentrations in a vari-
ety -of seeds and grasses are generally well
helow 100-ppm wet weight (NRC, 1982).

Like ZugPs, aluminam phosphide (Al
degrades readily to release phosphine gas
(HaP). Aluminum phosphide is used pri-
marily as a humigant of enclosed grain stor-
age and transport arens and, less common-
ly, in rodenticide baits and for fumigation
of rodent burrows, Although wildlife spe-
cies are less likely to be exposed to AR,
detection of phosphine in gastrointestinal
contents does not ditfferentiate hetween
the -bwa, and u diagnosis shonld be bused
on exposure hstory andZor elevated con-
centrations of zine in gastrointestinal con-
tents and tissues,

Compared with other rodenticides, sneh
as strychnine and compound 1080, ZinglPa
presents less visk of a Jethal, secondary in-
toxication to scuvengers, such as foxes,
dogs, cats, and raptors, following their in-
gestion of u target species killed by ZnayPs
(Bell, 1975, Hill wmd Carmpenter, 1982
Mutschke et al., 1892; Stermer and Munl-
din, 1995; Stemer, 1996). Tu one study, it
was estimated that cats und dogs of varions




222 JOURNAL OF WILDLIFE DISEASES, VOL. 41, NQ. 1, JANUAAY 2005

body weights would have to ingest be-
tween five and 847 intoxicated voies in a
short period of time to approach a lethal
dose (Sterner, 1996).

The mechanism of toxie action of ZnzPy
is not clear. [t is likely that phosphine gas,
relewsed in acidic portions of the gastroin-
testinal tract and absorbed, causes oxidative
tissue dimage (Hsn et al., 2002). Damage
to heart and lungs is likely to be responsible
for early deaths. Onset of clinical signs fol-
lowing ingestion is variuble but is nost of-
ten within 4 hr (Casteel and Bailey, 19806).
Partridges and pheasants developed clinical
signs between 2 hr and 6 hr after ingestion
(Janda and Bosseova, 1870). Clinical signs
are nonspecific; experimentally poisoned
poultry exhibited depression, rutiled feath-
ers, anorexia, and diarhea {Roberston et
al., 1943). Purtridges und phensunts exhib-
itedt listlessness, anorexia, tachypnen, stiff-
ness, wnd muscle spasms (Janda and Bos-
seova, 1870). Likewise, pustmortem lesions
are nonspecific. Grass lesions are limited to
generdized organ congestion and pericar-
dial, pleural, and peritoneal effusions. His-

tologic chunges in intoxcated poultry in-’

clude venous congestion, cloudy swelling in
the epitheliul cells of the small intestine,
anct fatty degeneration in the liver {Rob-
ertson et ul., 1943),

Direct ingestion ol ZngPs baits by many
wildlile species cun cause intoxicution and
should be considered in the differential di-
agnosis of any wildlife-mortality event in

regions in which it is used. The risk of

nontwrget-animal intoxication from inges-
tion af bait cun be minimized by following

- lubel ditections. Secundary intoxication of

scavenger species is unlikely.
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